Resilience as a Research Priority
A Perspective from NIA

Basil Eldadah, MD, PhD
Division of Geriatrics and Clinical Gerontology
NIA

Clin-STAR Annual Meeting
November 16, 2022



Recent NIA-Sponsored Initiatives on Resilience

RFA-AG-17-040: Short-term Measurements of Physical Resilience as a Predictor of Healthspan in Mice (RO1)
http://grants.nih.gov/grants/guide/rfa-files/RFA-AG-17-040.html

RFA-AG-17-014: Predictors and Determinants of Age-Related Changes in Resiliencies to Physical Stressors in Humans (UH2/UH3)
http://grants.nih.gov/grants/guide/rfa-files/RFA-AG-17-014.html

RFA-AG-17-061: Interdisciplinary Research to Understand the Complex Biology of Resilience to Alzheimer’s Disease Risk (RO1)
https://grants.nih.gov/grants/guide/rfa-files/RFA-AG-17-061.html

PAR-16-326: Advancing Basic Behavioral and Social Research on Resilience: An Integrative Science Approach (UH2/UH3)
http://grants.nih.gov/grants/guide/pa-files/PAR-16-326.html

RFA-AG-18-024: Collaboratory on Research Definitions for Cognitive Reserve and Resilience to Alzheimer's Disease (R24)
https://grants.nih.gov/grants/guide/rfa-files/RFA-AG-18-024.html

RFA-AG-19-025: Development of Personalized In Vitro Assays to Quantitatively Assess Age-related Changes in Cellular Resiliencies to
Physiologic Stressors (R43/R44 Clinical Trial Not Allowed) https://grants.nih.gov/grants/guide/rfa-files/rfa-ag-19-025.html

RFA-AG-19-026: Development of Personalized In Vitro Assays to Quantitatively Assess Age-related Changes in Cellular Resiliencies to
Physiologic Stressors (R41/R42 Clinical Trial Not Allowed) https://grants.nih.gov/grants/guide/rfa-files/rfa-ag-19-026.html|

https://www.nia.nih.gov/resilienceandaging
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Abstract

Recently discavered interventions that target fundamental aging mechanisms have been shawn ta increase life span in mice and other species,
ard in some cases, these same manipulations have been shown to enhance health span and alleviate mubtiple age.relited diseases and conditions.
Aging is generally associated with decreases in resilience, the capacity to respond to or recover from climically relevant stresses such as surgery,
infections, or vascular events. We hypothesize that the age-related increase in suscepdibility to those diseases and conditions is driven by ar
amociated with the decrease in resilience. Thus, a test for resilisnce at middle age or even earlier could represent a surrogate approach o est
the hypothesis that an intzrvention delays the process of aging itself. For this, animal madels to test resilience accurately and predictably are
reeded. In addition, interventions that increase resilience might lead to treatments aimed at enhancing recovery following soste illmesses, or
preventing, poor cutcomes from medical interventions in alder, prefrail subjects. At a mesting of basic researchers and clinicians engaged in
research an mechanisms of aging and care of the elderly, the merits and drawhacks of investigating effects of interventions on resilience in mice
were considered. Available and potential stressors for assessing physiclogical resilience as well as the notion of developing a limited battery
of such stressors and how ta rank them were discussed. Relevant ranking parameters incladed vahie in assessing general health jas opposed
tor focusing on a single physiological systeml, ease of use, cost, reproducibility, clinical relevance, and feasibility of being repeated in the same
animal langitudinally. During the discussians it became dear that, while this is an important area, very little is known or establshed. Much
mure research & needed in the near future to develop appropriate tests of resilience in animal models within an aging context. The preliminary
set of tests ranked by the participants is discussed here, recognizing, that this is a frst attempt.

Keyreods: Aging—Resilience—Health Span

Aging, Frailty, and Resilience

Aging is the leading risk factor for many of the chronic diseases
that account for the bulk of morbidity, mortality, and health cosss
in most of the world. Indeed, aging is not merely #a risk factoc™
for chromic diseases; it often surpasses all other risk factors by one
or more orders of magritude. A common argument is that chronic
age-related diseases coour late in life simply because of the time it
takes for damage to accurmulate. However, 2 more impontant reason
might be that young arganisms have robust deferses against homen.
static insuls and challenges. With aging, these defense capahilities
decline, contributing to the ememgence of diseases that manifes:
clirically. A few examples of diseases primarily affecting the elderly
adult are illustrative. Data from the Framingham study indicate that
being TH years old is, by itself, a higher risk factor for cardiovascu-
lar disease than high cholesterol, high blood pressure, and ohesity

combined (11, and this is because, as aging progresses, the ability
of the organism to deal with insults of equal magnitode decreases:
resilience is diminished.

A second example incudes Alzheimers and other neurodegen-
erative diseases. In the case of familial Alzheimer’s disease—a small
propartion of all cases, but an informative paradigm nevertheless—
affected individuals have mmations known o camse Alrheimers
disease inescapahly, in genes such as amyloid precarsor protein or
presenilins {2). However, even though the mutant proteins are pre-
sent from eardy in embryogenesis, the disease often does not appear
until the fourth or, mare often, the fifth decade of life |3}, supgesting
that age-related changes in inflammation and protecstasis may con-
tribmte to declines in resilience.

Finally, in the case of cancer, it is often argued that the disese
occurs lase in life simply because of the time needed for any single
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REAL-WORLD
STRESSOR; e.g.:

Hip fracture

Myocardial infarction
Infection
Chemotherapy

Surgery

Death of spouse/child
Divorce
Verbal/emotional abuse

A Conceptual Model

Physiologic/
Behavioral

Responses

Resiliencies

OUTCOMES; e.g.:

Survival
Functional status
Symptoms
Indicators of
health or disease
Health-related
quality of life
Subjective well-
being



A Conceptual Model

REAL-WORLD
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SIMULATED STRESSORS




Simulated stressor can perturb the same response systems as a real-

REAL-WORLD STRESSOR

Infection
(e.g., influenza)

world stressor

An example
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J Survival
Weakness,
restricted activity
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Simulated stressor can perturb the same response systems as a real-
world stressor

OUTCOMES OF
SIMULATED STRESSORS

I » * Innate immune, adaptive
immune, inflammatory
Major systems perturbed: markers
Immune »+ Pulmonary function tests
Pulmonary »+ Cardiorespiratory
Cardiovascular function
* Coagulation markers
* Skin reactions

Musculoskeletal

CNS
Others >+ Neurocognitive function

»
»
»

]

SIMULATED STRESSORS
e.g., specific viral antigen
generic antigen (LPS)
vaccination




Why Measure Resiliencies?

 Resiliencies are clinically meaningful in themselves: determine survival, maintenance of function,
duration of illness, suitability for aggressive medical or surgical procedures.

 Better tests of resiliencies could improve clinical management of older patients, e.g.,., inform
choice of treatments.

* Resilience measures can predict future health outcomes (short- and long-term).

* Insight into changes in resiliencies across the human lifespan could reveal aging mechanisms
underlying decrements, as well as factors contributing to the maintenance of resilient phenotypes.

* Characterizing physiologic responses and their underlying cellular mechanisms could lead to the
identification of novel therapeutic targets and interventions to enhance resiliencies.

 Better predictive tests for resilience could be used as surrogate markers of intervention trials to
improve resiliencies.



What is resilience?

What is health?
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Trans-NIH resilience working group

https://ods.od.nih.gov/Research/resilience.aspx
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